The main aim of present study was to determine the sero-prevalence of canine visceral leishmaniasis (CVL) among stray and owner shepherd dogs in Hamedan province, West of Iran. A cross-sectional study was performed in 2013 using enzyme-linked immuno sorbent assay (ELISA). Blood samples (n = 380) were collected randomly from 170 stray and 210 owner shepherd dogs in different regions of Hamedan province. All of animals were asymptomatic. Antibodies to Leishmania infantum were found 3.95 % (0.95 CI: 2-5.9 %). The sero-prevalence rate of infection in stray dogs (6.47 %) was reported higher than owner shepherd dogs (1.9 %) (P = 0.023). There was significant differences among age groups (P = 0.003); unlike to different gender (P = 0.11). This is the first report of CVL in western Iran. Further comprehensive studies in infection rate and predominant Leishmania species in humans, sand flies and animals hosts (wild canines and rodents) is recommended in this region.
Introduction
Canine visceral leishmaniasis (CVL), caused by the protozoan parasite Leishmania infantum (Kinetoplastida: Trypanosomatidae), is one of the important and endemic zoonotic diseases in the Mediterranean basin and MiddleEast including Iran (Khanmohammadi et al. 2010; Hosseininejad et al. 2012; Haddadzade et al. 2013) .
L. infantum is the principal agent visceral leishmaniasis (VL) in humans and canine in Iran (Mohebali 2013) . Domestic dogs (Canis familiaris) and wild canines are the main reservoir hosts of CVL in all regions of Iran; which is transmitted among canines and to humans by sandflies of the genera Phlebotomus and Lutzomyia (Diptera: Psychodidae) (Moshfe et al. 2008) .
Lymphadenopathy, dermatitis, alopecia, cutaneous ulcerations, onychogriposis, lameness, anorexia, weight loss, cachexia, ocular lesions, epistaxis, anaemia, diarrhea and renal failure are the main clinical signs of CVL (Haddadzade et al. 2013) . Dermatological alterations are very frequent (Heidarpour et al. 2012 ). It appears in dogs in acute, chronic and sub clinical forms and in a variety of cases without any clinical symptoms leading to the death of animal (Khanmohammadi et al. 2008) .
The incidence of leishmaniasis depends on a variety of ecological and biological factors, such as the presence of various Leishmania species, specific reservoirs and vector (Khanmohammadi et al. 2010) .
The difference of methods are available for diagnosis of CVL including microscopy, culture, serology and molecular techniques (Mohebali 2013) . Several serological techniques such as direct agglutination test (DAT), indirect immuno-fluorescence antibody test (IFAT) and enzymelinked immuno sorbent assay (ELISA) are available to detection of anti-Leishmania antibodies. The sensitivity and specificity of ELISA is higher than other techniques (Khanmohammadi et al. 2008; Moshfe et al. 2008; Haddadzade et al. 2013) . In epidemiological studies, determine of specific antibodies remains the choice method for mass screening in asymptomatic hosts (Moshfe et al. 2008) .
Information about CVL is essential and highly important for control of human VL in each area. Some studies on CVL done in different part of Iran (Mohebali et al. 2005; Mohebali 2013 ). However, there is no published information of epidemiology on leishmaniasis in the dogs from West of Iran. The main purpose of the present study was to investigate the sero-prevalence of CVL among stray and owner shepherd dogs in different regions of Hamedan province, West of Iran using ELISA.
Materials and methods

Study area
Hamedan province by mountainous and mild climate is located in west part of Iran (34.77°N and 48.58°E). It covers an area of 19,546 km 2 and average annual temperature is 11.3°C. This province is economically important for crops and animal husbandry.
Sampling
A cross-sectional study was performed in 2013. Blood samples (3 ml by cephalic or saphenous venipuncture) were collected randomly from 170 stray and 210 owner shepherd dogs (total = 380) in around of villages in different regions of Hamedan province. All of animals were asymptomatic and mix breed. Information about age (B2 and [2 year) and gender in animals were taken from physical examination (Table 1) .
Ethical approval
The permission was accorded by the Institutional Animal Ethics Committee (Iranian Veterinary Organization) to collect the sample from live animals.
Serology
All sera were removed after centrifugation at 1,0009g for 10 min and stored at -20°C until laboratory testing (Haddadzade et al. 2013 ). Anti-L. infantum antibodies were detected using a commercially available indirect ELISA kit (ID Screen Ò Canine Leishmaniasis, ID-VET company, France). The kit was used according to the manufacturer's instructions. The presence of antibody was determined by calculating of sample to positive ratio (S/P) according to the manual of kit. The S/P of C50 % was considered positive.
Statistical analysis
Statistical analysis was performed by using the software package SPSS version 16.0 for windows. Odds ratios (OR), confidence interval (CI), v2 and P value were calculated separately for each variable. A P-value B 0.05 was considered statistically significant.
Results
Antibodies to L. infantum were found in 15 out 380 samples (3.95 %; 0.95 CI: 2-5.9 %). The sero-prevalence rate of CVL in stray dogs (6.47 %) was detected higher than owner shepherd dogs (1.9 %) (v2 = 5.165, P = 0.023, OR = 3.5). There was significant differences among age groups (v2 = 8.698, P = 0.003, OR = 11.5); unlike to different gender (v2 = 2.552, P = 0.11) ( Table 1 ).
Discussion
CVL was described for first time in 1908 (Nicole and Comte 1908) . Currently, VL is a great concern in the Mediterranean and Middle-East countries (Tsachev et al. 2008) . The prevalence of CVL is varies in worldwide; this rate has been reported 1.7-10 % in Cyprus (Deplazes et al. 1998) , 25 % in Venezuela (Zerpa et al. 2003) , 22.1-30.3 % in Italy (Zaffaroni et al. 1999 ), 9-76 % in Turkey (Ozbel et al. 2000; Atasoy et al. 2010) , 10-36 % in Brazil (Ashford et al. 1998) and zero to 81 % in Bulgaria (Tsachev et al. 2007 (Tsachev et al. , 2008 . Also, Leishmaniasis is encountered in non-endemic regions such as Austria, Belgium, Germany, Switzerland, Canada and USA (Tsachev et al. 2008) . In previous studies from Iran, sero-prevalence rate of CVL was reported 4.1 % in North (Fakhar et al. 2011 ), zero to 23.4 % in Northwest (Moshfe et al. 2008; Khanmohammadi et al. 2008 Khanmohammadi et al. , 2010 Sharifdini et al. 2011; Barati et al. 2013; Mohebali 2013) , 7.9 and 8.67 % in Northeast (Heidarpour et al. 2012; Mohebali 2013 ), 3.6-8.92 % in Central (Hosseininejad et al. 2012; Razzaghi Maensh et al. 2012; Haddadzade et al. 2013; Mohebali 2013; Malmasi et al. 2014 ), 7.7-16 % in Southwest (Avizeh et al. 2007; Hosseininejad et al. 2012; Moshfe et al. 2008; Mohebali 2013) , and 23 % in Southeast (Mahmoudvand et al. 2011) .
The zoonotic form of VL caused by L. infantum occurs sporadically in all geographical zones of Iran, but the disease is endemic in Northwest and South regions (Mohebali 2013). Meshkin-Shahr district (Ardabil province, Northwest of Iran) is the most important endemic area of VL in humans and animals in Iran (Mohebali et al. 2005) ; The sero-prevalence of CVL was reported 17.4 % (Moshfe et al. 2008) , 15.8 % (Sharifdini et al. 2011) , and 23.4 % (Barati et al. 2013 ) in this region. In our study, this rate was determined 3.95 %; similar to Haddadzade et al. (2013) investigation in Alborz province, Central of Iran (3.6 %), and Sideris et al. (1999) in Greece (3.7 %).
In current study, L. infantum infection rate in stray dogs (6.47 %) was 3.5-fold higher than owner shepherd dogs (1.9 %); the significant difference was found between seroprevalence and dogs'life style similar to Hosseininejad et al. (2012) investigation. In Haddadzade et al. (2013) study, infection rate in owned and stray dogs were 10 and 1.6 %, respectively (P = 0.01). Also, in similar research from Northeast of Iran, this rate in owned dogs (9.5 %) was higher than stray dogs (7 %) (Heidarpour et al. 2012) . The stray dogs are life in outside, therefore they will be exposed to sand flies bites and higher chance of infection.
In our investigation, the sero-prevalence of CVL in [2 age group (6.54 %) was higher than B2 (0.6 %); the significant difference was detected among different age group (P = 0.003, OR = 11.5). Anti L. infantum antibodies increases with age of the dogs (Hosseininejad et al. 2012; Haddadzade et al. 2013) ; this is parallel to our finding. In Moshfe et al. (2008) and Malmasi et al. (2014) studies, there was a direct correlation between sero-prevalence of CVL and increase of dogs age; but no significant difference was detected. In a study from Northeast of Iran, the higher rate was reported in dogs less than 1 year old (P = 0.03) (Heidarpour et al. 2012) . Atasoy et al. (2010) believe that CVL has not been depended on age predisposition factor. High infection has been attributed to a greater probability for exposure to the bite of sand flies infected over time, increasing the susceptibility in older dogs (Haddadzade et al. 2013 ).
There was no significant difference between sero-prevalence of CVL and different gender; this is consistent to other Iranian investigators (Avizeh et al. 2007; Khanmohammadi et al. 2010; Moshfe et al. 2008; Hosseininejad et al. 2012; Heidarpour et al. 2012; Haddadzade et al. 2013; Malmasi et al. 2014 ) and in conflict with Barati et al. (2013) finding. In Atasoy et al. (2010) study in Turkey, this rate in male dogs was significantly higher than females (P \ 0.05). Farmers in Iran mostly reared male dogs in their farms. Therefore, the male dogs might have been infected more than females.
As per our knowledge, the different of serological assays, experimental strategies, climatic variations and frequency of vectors are the main causes of varied results.
Seropositive dogs without clinical signs are very important for distribution of zoonotic leishmaniasis. Thus, using of serological tests may be helpful to design the control strategy in asymptomatic dogs.
In conclusion, this is the first report of CVL in western Iran. The comprehensive epidemiological studies in humans, sand flies and animal hosts (wild canines and rodents) and determine the predominant Leishmania species is recommended in this region.
